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(54) Abstract Title 

Converting frame rate in MPEG decoding 

(57) Motion compensated frames F3', F4' are newly produced in converting a frame rate, particularly in a 
digital TV of a PAL or NTSC system. A motion compensated separate frame is provided between every two 
frames and displayed for eliminating flicker. When a video signal of a film rate is converted into a video signal 
of a frame rate of PAL or NTSC system, motion compensated new frames F3', F4' are produced for preventing 
blurring in motion portions. By differently compensating motion components of N frames inserted between 
two frames and processing the frames in real time, slow motion can be displayed smoothly without any 
separate memory. 
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DEVICE AND METHOD FOR 
CONVERTING FRAME RATE 

BACKGROUND OF THE DsfVENTION 

Field of the Invention 

The present invention relates to a video compression system, and more particularly, to 
device and method for converting a frame rate, in which a motion compensated frame is newly 
produced and applied to a required place for converting a fi-ame rate. 
Description of the Related Art 

Up to now, application of the digital video compression has been restricted to 
communication media and storage media due to a edacity limitation of the media. However, 
as the MPEG-2 in which standardizations directed to a high quality broadcasting are push 
forwarded is employed as a new broadcasting syiiiem since it can realize a high picture quality 
and a high compression ratio, the MPEG-2 (Motion Picture Expert Group) became a motive 
power for exploring a new era of broadcasting. In connection with this, with a device employing 
an MPEG-2 decoder are applied to TV, until now, a broadcasting signal is merely digitized, 
compressed, and transmitted/received through a satellite, cable, or as a terrestrial wave, without 
deviating the broadcasting signal itself from the present TV system of NTSC, PAL, or SECAM. 
In other words, without converting the broadcasting signal itself, the MPEG-2 decoder converts 
a frame rate of the digitized, compressed and encoded signal of a motion picture so as to be in 
conformity with an existing TV broadcasting signal. For example, in the case of an NTSC 
system, the present TV broadcasting system has a frame rate of 30 frames per a second, and in 
the case of a PAL system, the present TV broadcasting system has a frame rate of 25 frames per 
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a second, regardless of a frame rate of an incoming source signal, for being displayed on a screen. 

Fig. 1 illustrates a block diagram of a background art device for decoding an MPEG-2 
video signal, provided with a VLD(Variable Length Decoding) part 11 for receiving and 
subjecting an MPEG-2 video bitstream to variable length decoding to provide original serial data 
of a zigzag scanned 8x8 matrix, an inverse scan part 12 for converting the serial data from the 
VLD part 11 into a two dimensional data array of 8x8 matrix, an inveree quantization part 1 3 for 
using a CLtable in subjecting the two dimensional data array of 8x8 matrix from the inverse scan 
part 12 to inverse quantization, an IDCT(Inverse Discrete Cosine Transform) part 14 for 
subjecting the inverse quantized data in the inverse quantization part 13 to inverse OCT. a 
memory part 1 5 for storage of prior pictures, a motion compensating part 1 6 for using the prior 
picture stored in the memory 15 and a motion vector of a presently i«:eived picture in 
reproducing a picture from the IDCT part 14 into original extended series of pictures if the 
picnire from the IDCT part 14 is either a B(Bidirectional) picture or a P (Predictive) picture, and 
a display controlling part 1 7 for presenting a motion compensated data after rearrangement or as 
they are depending on a picture type. Being a value used in determination of a quantizing step 
in an encoding in a transmitter side, the Q_table provided to the inverse quantization part 13 
comes from the transmitter side. 

Fig. 2 illustrates a regular frame rate by an MPEG-2 video decoder processing in a case 
when a number of B pictures is two in Fig. 1 . 

In the aforementioned background art device for decoding an MPEG video signal, upon 
reception of an encoded MPEG-2 video bitstream from the transmitter side, the VLD part 1 1 
turns the encoded MPEG-2 video bitstream back to original horizontal/vertical frequency bands, 
niat is. the received MPEG-2 video bitstream, being variable length encoded by zigzag scamung. 
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exists in series. Accordingly, the VLD part M turns the variable length encoded values by zigzag 
scanning back to original one dimensional DCT coefficients. The one dimensional DCT 
coefficients turned back to original state is provided to the inverse scan part 12 and converted 
into DCT coefficients of a 8x8 matrix. 11.e inverse quantization part 13 uses a Q-table used in 
the encoding in subjecting block units of DCT coefficients converted into a two dimensional data 
array of 8x8 matrix received from the inverse scan part 12 to inverse quantizing and provides to 
the IDCT part 14. Having its energy components compressed already to be concentrated on a low 
frequency side, with ahnost all high frequency components converted into 0. values provided to 
the IDCT paxtMaie restored through the IDCT part 14. Ifdata restored through the IDCT part 
14 is an I picture, the I picture is a perfect one that can be displayed as it is, and data restored 

through the mCT part M is a B or P picture, the picture is an imperfect picture that can be 
displayed through the motion compensating part 16. That is, with reference to the I picture, a 
motion vector, infomiation representing a motion, may be considered as «0". which need not any 
motion compensation, and B or P picture can be motion compensated and restored to an original 
picture using a prior picture stored in the memoiy part 15. The motion vector MV is a two 
dimensional vector indicating an offset of a coordinate of a field in a prior frame from a 
coordinate of the present picture or field for use in a motion compensation. For an motion 
prediction in an encoder, first of all. the motion vector MV should be obtained. Because one 
macroblock may have four motion vectors at the maximum, of which bit amount is too 
voluminous to pass as they are. a difference of motion vectors of the present macroblock from 
a right prior macroblock is variable length encoded for t^ssion. TT.e motion compensating 
part 16. provided for restoring B or P picture obtained through a prediction, uses a prior picture 
stored in the memory part 15 and a motion vector on the present B or P picture from the IDCT 
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1 4 in making an one directional or bidirectional prediction of the B or P picture for reproducing 
a perfect image of the B or P picture. If a number of the B pictures is two. the MPEG-2 picnire 
may have a sequence of ffiBPBBP--, of which B pictures can be decoded only when P or I 
picmre which comes later in terms of time should be used. It impUes that a decoding should be 
carried out in a sequence of IPBBPBB- while a display should be carried out in another 
sequence of IBBPBBP Accordingly, the display controlling part 17 presents pictures either 
after rearranging the pictures or as they are depending on a picture type. If the number of the B 
pictures is two. a series of frames provided from the display controlling part 17, being I, Bl, B2, 
P. — as shown in Fig. 2, are displayed on the screen with a frame rate of F25(PAL) or 
F30(NTSC) when the frame rate is regular. ITiat is. the NTSC system has a frame rate of 30 
frames per a second and the PAL system has a frame rate of 25 frames per a second. 
Accordingly, a film ratc(24 frames per a second) in which a signal is processed in a film mode 
of a digital TV standard(MPEG.2) should be converted into an existing NTSC or PAL system 
To do this, if a video signal is received in the film rate, the video signal is inserted appropriately 
and repeatedly into a whole video sequence in field units, so that the whole video sequence has 
an intended frame rate. In this instance, the MPEG video signal thus obtained by repetition has 
a separate syntax which can indicate to the MPEG-2 decoder for easy display of the video signal 
in conformity with the repeated signal. That is. if a frame rate conversion indicative signal 
first_field_repeat provided to the display controlling part 17 is enabled, the display controlling 
part 1 7 controls a video signal received at the present time to be displayed repeatedly. 
Fig. 3 illustrates a frame rate conversion of digital video signal from 24 to 30. 
Each of received frames F 1 . F2. F3. F4. F24 is divided into a top field fl and a bottom 
field f2, and a new decoded frame Fl, F2, F3'. F4'. --, F30 is produced from the divided top 
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fiCds n and u,e bono, fields G. L=., a new fame « p^duoed fton, adjacen. ,wo fa„,e. which 
are *e n,os, elosely ,ela.ed. T^a. is, a new decoded ftame F3'is produced famthe ,op field f, 
of the frame F2 and the bottom field C of the frame F3, i.e., 

t^ji. fl ofF2 * a ofF3 
2 

and anote new ftan,e F4' b produced fiom Ae »p field fl of tf,e fan,e F3 and ttc bo,»n> field 
n of .he nex, fiame F4. By repeating production of new fiames ixom U.e mos, closely related 
adjacent fiames, the fiame rate conversion fiom 24 to 30 is done. 

However.theafo,«nent,o.edW,«econve,sionofalten^^aonoffieldshas 
a probletn of binning of moUon components in which motion portions of an image become no, 
clear caused by mere repetition of the fields. 

And, of the fliclcer of picn,res due to 25 or 30 fiame rate display of one image of the 
MPEO-2 decoder, though the fliclter in the case of N7SC syst«n of 30 frame rate causes no 
si^-fican. problem, the flicke, in the case of PAL system of 25 fi^e rate causes a significant 
problem. 

Also, in the case Of slow motiot. the me., repetitive m«noHzation and display of fields 
or fames results in ^ slow motion no. smooth, with a r«,ui™,en. for an addiUonal memoty. 

SUMMa;; Y OF THi; pjl/CMy, ^^, 
Accordingly, the present invention is directed to device and method for convening 
frame mt. that substantially obviates one or mom of the problems due to limitations and 
disadvantages of the related art. 

An object of the present invention is ,„ provide device and meti^ for converting a fame 
rate which can modify motion components of a fame produced additionally. 
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Another object of the present invention is to provide device and method for converting 
a frame rate which can eliminate flicker of images. 

Further object of the present invention is to provide device and method for converting a 
frame rate which can prevent blurring of motion components. 

Still further object of the present invention is to provide device and method for converting 
a frame rate which can make a slow motion smooth. 

Additional features and advantages of the invention will be set forth in the description 
which follows, and in pan wiU be apparent from the description, or may be learned by practice 
of the invention. TT^e objectives and other advantages of the invention will be realized and 
attained by the structure particulariy pointed out in the written description and claims hereof as 
well as the appended drawings. 

To achieve these and other advantages and in accordance with the purpose of the present 
invention, as embodied and broadly described, the device for converting a frame rate includes 
a motion vector producing part for producing a new motion vector using the motion vector 
transmitted from a transmitter side, a frame producing part for applying the motion vector newly 
produced in the motion vector producing part to the field or fi^e for producing a new field or 
frame, and display pan for adding the new frame having a motion component compensated in 
the frame producing pan to the MPEG decoded frame. 

The display pan adds the new frame having a motion component compensated in the 
20 frame producing pan between every adjacent frames in a series of the MPEG decoded frames and 
displaying on a screen at a clock frequency of two times. 

The display pan adds the new frame having a motion component compensated in the 
frame producing pan between preset frames only in a series of the MPEG decoded frames and 



6 



displaying on a screen at a regular clock frequency. 

The display par, adds N new ftan,es pr^uced additionally in *e fta^e producing 
berween *a„,es u, a series of *e MPEG decoded ^ on a screen a. a regular 

clock frequency. 

The „oHo„ vector producing par, averages adjacen, ,wo motion vec,o. for obtaining a 

new motion vector. 

1^ motion vector producing pa„ ^ ^^^^^ ^ 

motion vector. 

Ino*erasp«.ofthepres.ntinvention,th«eisprovided.devicefi,rconve„inga<ran.e 
rate, including a .notion vector reproducing pan ,„ using a motion vector tran»itted fiom a 

»-n.nerside in producing a new motion vector and multiplexing tite new motion vector witi. 
cx-sting motion vector. of time, a motion compe„«ti.g and fiame producing par. for 

applidng the motion vec., from the motion vector reproducing par, to pHor pictit.^ «ored in 
the frame memory res^tively and adding to the IDCT data ,«pectively. and an «PO memo,, 
for writing ^..r,^^ ^ par, at a regular Cock 

^uency,readinga,aclo^Se,uencytwotimes.^andforwarding.oti»di.p,ayeontm„^, 

part, 

h, another aspect of ti. present invention, there is provided a device for converting a 
Wrateincludingavideosignaldetenninmgpa^fo,.^,^^^^^^^^^^^^ 
^.snal is an oHginal broadcasting signal or the fUm mode si«^ according to a digi,al TV signal 
s-andard from information encoded in ti» MPEG dec«led video si^al. a motion vee,or 
^eco^^ling par. for calculating a new motion vector using ti.. MPEG decoded motion vecor if 
d.c MPEG decoded signal is detennined to he the f.hn mod. signal in Ute video signal 



determining pan, a frame compensating part for applying the motion vector reconciled in the 
motion vector reconciling part to the frame from the video signal determining part for producing 
a motion compensated new fi^e in conversion of a frame rate, and a buffer for temporary 
storage of the video signal from the frame compensating part or the video signal determining 
pan. 

In further aspect of the present invention, there is provided a method for converting a 
frame rate including (1) a motion vector producing step for producing a new motion vector using 
a motion vector transmitted from a transmitter side. (2) a firame producing step for applying the 
new motion vector produced in the (I) motion vector producing step to the field or frame for 
producing a motion component compensated new field or frame, and (3) a display step for adding 
the motion component compensated new frame in tiie (2) frame producing step to the MPEG 
decoded frame for display on a screen in a converted frame rate. 

The (3) display step includes the steps of adding tiie new frame having motion 
components compensated in the (2) frame producing step between every adjacent frames in a 
series of tiie MPEG decoded frames, and displaying at two times of clock frequency. 

The (3) display step includes the steps of adding the new frame having motion 
components compensated in the (2) frame producing step between preset frames only in a series 
of the MPEG decoded frames, and displaying at a regular clock frequency. 

The (3) display step includes the steps of producing a motion component compensated 
new field from fields of related adjacent firames, and producing a motion component 
compensated new frame from the produced new field and a remaining field of the present frame. 

The (3) display step includes tiie steps of adding N(N is a natural number) new frames 
produced additionally in tiie (2) frame producing step between fi^es in a series of tiie MPEG 



8 



decoded frames, and displaying at a regular clock frequency. 

It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DE.SrRT PTION OF TWP PRAWTNn^ 
The accompanying drawings, which arc included to provide a further understanding of 
the invention and are incorporated in and constitute a pan of this specification, illustrate 
embodiments of the invention and together ^^th the description serve to explain the principles 
of the invention: 

In the drawings: 

Fig. 1 illustrates a block diagram of a background art device for decoding an MPEG-2 

video signal; 

Fig. 2 illustrates a regular frame rate of a PAL system in a case when a number of B 
pictures in Fig, 1 is two; 

Fig. 3 illustrates a frame rate conversion in the device shown in Fig. 1; 
Fig. 4 illustrates a block diagram of a device for decoding an MPEG-2 video signal in 
accordance with a preferred embodiment of the present invention; 

Fig-Sillustratesadctailedblockdiagram of the frame rate converting part shown in Fig 

4; 

Fig. 6 illustrates a system of frames provided for eliminating flickers in the device shown 
in Fig. 4; and. 

Figs. 7 ,0 9 embodta^B of ftan-e „^ conversion proccss« in accordance wi* 

the present invention. 
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PETAIt^FD nPSC RIPTION OF T HE PREFFRRPp EMROnTMFMT 
Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings. Fig. 4 illustrates a 
block diagram of a device for decoding an MPEG-2 video signal in accordance with a preferred 
embodiment of the present invention. 

Referring to Fig. 4. the device for decoding an MPEG-2 video signal in accordance with 
a preferred embodiment of the present invention includes a VLD part 41 for receiving and 
subjecting a video bitstream to variable length decoding to provide one dimensional OCT 
coefiRcients. an inverse scan part 42 for converting the one dimensional OCT coefficients from 
the VLD part 41 into a two dimensional DCT coefficient array of a 8x8 matrix, an inverse 
quantization part 43 for subjecting the two dimensional DCT coefficient array of a 8x8 matrix 
from the inverse scan part 42 to mverse quantization according to a Q_table used in encoding, 
an IDCT part 44 for subjecting the inverse quantized data in the inverse quantization part 43 to 
inverse DCT. a frame memory 46 in storage of prior picnires, a motion vector reproducing part 
45-1 for receiving a motion vector MV. producing a new motion vector MV' between frames 
from the received motion vector MV. and multiplexing the new motion vector MV' with the 
original motion vector MV in view of time, a selecting part 45-2 for selecting either the received 
motion vector MV or the motion vectors MV-hMV' from the motion vector reproducing part 45- 
1 , a motion compensating and frame producing part 45-3 for restoring an original picture before 
compression by making a motion compensation of a picnire using a prior picture stored in the 
frame memory 46 and the motion vector from the selecting part 45-2 and adding the motion 
compensated picture to an output of the IDCT part 44. a FIFO(First-In First-Out) memory 45-4 
for reading after writing an output of the motion compensating and frame producing part 45-3 
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in response to read/write signals, and a display pan 47 for producing a new frame using a new 
motion vector in a case an output of the FIFO 45-4 is of a film rate in converting the film rate to 
a frame rate of an NTSC or PAL system. TTae motion vector reproducing part 45-1. the selecting 
part 45-2, the motion compensating and fiame producing part 45-3 and the FIFO 45^ compose 
a motion compensating circuit. The display part 47 includes a frame mte converting part 47-1 
for determining whether a picture data from the motion compensating circuit is a broadcasting 
signal originally or a film signal and producing a new frame using a motion vector Select_MV 
from the motion compensating circuit if detemiined to be a film signal in converting a fiame rate, 
and a display controlling part 47-2 for displayix^ a picture data from the frame rate converting 
part 47-1 on a screen. The frame rate converting part 47-1 includes a video signal determining 
part 51 for using the frame rate conversion indicating signal First_field_,cpeat encoded in a 
decoded video data fin determining whether a received data is the brt,adcasting signal originally 
or the film signal to detertnine conversion of a frame rate, a motion vector reconciling part 52 
for re-calculating a new motion vector NEW_MV for a fiame or field using a motion vector 
selected.MV from the motion compensating circuit, a frame compensating part 53 for using the 
newly reconciled motion vector NEW_MV for a field or fiame from the video signal determining 
part 5 1 in producing a new field or frame, and a buffer 54 for temporary storage of a video data 
having a frame rate converted in the frame compensating part 53 or a video data on the original 
broadcasting signal not passed through frame rate conversion in the video signal detcnnining part 
5 1 and providing to the display controlling part 47-2. 

In the aforementioned preferred embodiment of the present invention, the VLD part 41 
receives an MPEG-2 video bitstream variable length encoded by zigzag scan to exist in series and 
subjects the MPEG-2 video bitstream to variable length decoding to convert the MPEG.2 video 
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bitstream into original one dimensional DCT coefficients. The one dimensional DCT 
coefficients restored into an original state is provided to the inverse scan part 42, converted into 
a two dimensional DCT coefficient anay of 8x8 matrix, and provided to the inverse quantization 
part 43. The inverse quantizaUon part 43 subjects 8x8 matrix block units of DCT coefficients 
to inverse quantization according to a quantizing table value Q_tables and provides to the IDCT 
part 44. Because energy components of the DCT coefficients ar^ already compressed, ^vith the 
DCT coefficients concentrated on a low frequency side and ahnost aU high frequency 
components converted into "0". the inverse quantized DCT coefficients provided to the IDCT 
part 44 are restored by the nx:T part 44. Ifthe data restored by the IDCT part 44 is an I picnire, 
the data is a perfect picture that can be displayed as it is, and if a B or P picture, the data is an 
imperfect picture that can be dispUyed through the motion compensating circuit 45. 
Accordingly, ifthe picture from the IDCT part 44 is ani picture, the picture is directly stored in 
the frame memory 46 as a prior picture without any motion compensation in the motion 
compensating and frame producing part 45-3 in the motion compensating circuit, and if B or P 
picture, the picture is stored in the frame memory 46 as a prior picture after being motion 
compensated thereby being restored into a perfect pirture in the motion compensating and frame 
producing part 45-3. An output of the motion compensating and frame producing part 45-3 is 
also written on the FIFO memory 45-4. 

In the meantime, the motion vector reproducing part 45-1 receives a motion vector, 
obtains a new motion vector MV' using the received motion vector MV, adds to the original 
motion vector MV with respect to a time MV+MV'. and provides to the selecting part 45-2. The 
new motion vector MV' is produced for using in production of an additional frame to be inserted 
between existing frames. That is. since the motion vector MV provided to the motion vector 
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reproducing pan 45-1 is encoded in a macroblock in each picture of an MPEG video bitstream, 
the motion vector MV can be decoded. As a P-pictuxe has one motion vector encoded in each 
macroblock and a B-picture has two motion vectors encoded in each macroblock, a field or fiame 
may be restored usir:g this. And, because the new motion vector MV' obtained in the moUon 
vector reproducing part 45- 1 is inserted between every original motion vectors MV. once motion 
compensation is conducted in the modon compensating pan 45-3 applying such motion vectors 
to received fiames, two times of frames are provided. One embodiment of a method for 
obtaining the new motion vector can be expressed in the foUowing equation (1). 

AfVn'=^"^^ 

Where '-n-and'^k" each denotesaWnumbcr.MVn'denotesanewvector between 
nth and kth vectors. ll.^t is. original motion vectors MV of adjacent frames are added then 
divided by two to obtain a new motion vector MV'. Setting of selection of the selecting part 45- 
2 may be done either by a user or at shipment to an arbitrary condition, whether two times of 
motion vectors MV^MV' or motion vectors MVs of the original frame rate are prpvided to the 
motioncompensatingpart45-3. Iftheselectingpart45-2selectsthemotion vectors MVs of the 
original frame rate, which is identical to the background art, and if the IDCT part 44 provides B 
or I picture, the motion compensating and frame producing part 45-3 uses received motion 
vectors MV and prior pictures stored in the frame memory 46 in making bidirectional or one 
diiectional prediction in conducting motion compensation and adds to an output of the IDCTpart 
44. to restore into ti,e original picture before compression. TT.e FIFO memory 45-4 writes an 
output of the motion compensating and frame producing part 45-3 tiiereon according to a write 
Clock and reads data in the order of reception according to a read clock, in which Cock 
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frequencies of the data written on or read from the FIFO memory 45-4 are the same. 

In the meantime, if the selecting part 45-2 selects the two times of vectors MV+MV. in 
which a number of motion vectors applicable to one picture is two. the motion compensating and 
frame producing part 45-3 makes a motion compensation for a picture both with the MV once 
and with the MV' once and provides a two times motion compensated picture to the FIFO 
memory 45-4. That is, if a datastream received originally is I, B. B, P. B, B, P. B. I. a 
datastream from the FIFO memory 45-4 is II. 12. Bl. B2. Bl, B2. PI. P2. Bl. B2, Bl. B2. PI, 
P2. Bl. B2. -, II. 12. For example, referring to Fig. 6. Fl. F2. F3. F25 in the upper part 
show a regular frame system are frames restored with the original motion vectors MV. and the 
F2', F4'. F50' with a "prime in the lower part inserted between original frames are the 
newly added frames. TTiat is. as a new motion vector MV is used in production of F2'. F4'. - 
F50', the frames have a linearity in view of motion. In tins instance, in response to read/write 
signals and vertical/horizontal synchronizing signals, the FIFO memory 45-4 writes pictures 
having compensated in two times according to a write dock(13.5MH2 in case of PAL) and, then, 
reads according to a clock two times of the write clock(27MHz in case of PAL). TWoie,in 
effect, it is the same with a case two lines of motion compensated pictures within one horizontal 
frequency are displayed. If two times of frames are restored using original motion vectors MVs 
and new motion vectors MVs'. written on the FIFO memory 45^ at a regular clock, read from 
the FIFO memory 45-4 at a speed two time faster than a speed in the writing, a frame rate 
provided at the end is 50 (in the case of PAL), tiiough a total frame rate is 25(in the case of PAL), 
eliminating the flicker, which is the most effective in the case of PAL. and can be also appUcable 
to NTSC. 

If the frame rate of a received data is of a film mode(24 frames per one second), the frame 
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Should be convened i„,o a W ^ of KTSC or PAL. which is designed ,„ be canied on, 
by display ^ 4r To do .his. U,e .o,ion compensating ci.ui, p^vides a decoded .oUon 
vec.cse,ec.ed_MV.o.he,^e™econve™.gpa„47.| in Redisplay pa„ 47. InU^insUnce 
*e n,o,io„ vec», selec«d.MV be .cdon veco. MV provided ,o .he .o.on vecor 

.p,odncingpa.45-lord,c«odonvec«,.MVorMV.MV.fio„.hco>o.„nvecn.,ep™ducing 
par.45-1. And, .he fian,. .,e convening pan 47.. uses encoded infonnation in tt. ftame or 
field f fton. .he FIFO 45^ in declining .he video signa, being an original broadcasting si^ 
or a filn, signal and de.ennines conversion of a frame r«e of U« video signa, according to a 
resultofttcdetennination. is. upon reception of MPEG decoded fan,, o, field, fte 
videosi^de.e™iningpan51in,hefia.nera«conve,«ngp.n47.,e«nnnesU«rep« 
first.field.repea. s.o„d in a coding extension pan Picture_coding.e«ension in the MPEG 
syntax in encoding in detennimng a fiante rat. conversion; if the first.field repeat signal is set 
a. "O-. U,c MPEG decoded video signal f is. detemUned to be a genenU broadcasting signal 
d-rectly provided to Ute buffer 54 without subjecting to a frame rate conversion and displayed 
.h-ugh the display connoHingpan47-2. and if fl,e first.ficM.tepea. signal is set at "l" the 
MPEG decoded video signal f is. determined u, be a film signal, subjected « a fW rate 
conversion into a frame rate of a g^ broadcasting signal for ex^t^le. of NT^c or PAL and 
provided to tbe dispUy controlling pan 47-2. Tlat is. if the MPEG decoded video signal f is 
determined to be a film signal in the video signal determining pan 5 1 . the fiame comp«,sating 

53 nev.yproducesfiam«of„hichmotioncomp„n««sarecompensa..dfiomr.s.ored field 
forfiame inconf„nmo^..thaTVbroadcastingsigoal.o ..applied. In *is instance, the motion 
vector reconciling pan 52 provides a reconciled motion vecor NEW MV ,o «,e ftame 
compensating pan 53 using a motion vector sel^_MV f^m Ote motion compensating circuit 
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The reconciled motion vector NEW_MV may be. an average of two adjacent motion vectors, or 
an average of two motion vectors each of which is weighted different form each other, or the 
present motion vector itself. The frame compensating part 53 uses the new motion vector 
NEW_MV from the motion reconciling part 52 in producing a new frame. That is, the frame 
compensating part 53 produces a new field or frame which has a smoother motion component 
by means of a received video signal and the motion vector NEW_MV re-calculated through the 
motion vector reconciling part 52. 

Fig. 7 is a diagrammatic illustration of the aforementioned process of producing new 
frames or fields, wherein an example of a frame rate conversion to a fixune rate of an NTSC 
broadcasting signal by producing a new field between frames and producing a new frame using 
the newly produced field, is shown. 

Refeiiing to Fig. 7, a top field fl and a bottom field £2 of a first frame Fl in a film signal 
compose a frame Fl of the NTSC broadcasting signal, and, alikely, the top field fl and the 
bottom field f2 of a second frame F2 compose a frame F2 of the same. The top field fl and the 
bottom field f2 in each frame are provided from the FIFO 45-4 in the motion compensating 
circuit. And, the top field fl of the second frame F2 and the top field fl of a third frame F3 
compose a new top field Mfl, and the bottom field £2 of the third frame F3 and the bottom field 
C of a fourth frame F4 compose a new bottom field M£2. Note that the new top field Mfl and 
the new bottom field M£2 are not mere repetition of fields, but fields of which motion 
components are compensated by the motion vectors NEW_MV reconciled in the motion vector 
reconciling part 52. The newly produced top field Mfl and bottom field Mf2 are used in 
producing new frames F3' and F4'. That is. the newly produced top field Mfl and the bottom 
field f2 of the third frame F3 in the film signal are used in producing a motion compensated new 
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vector 



frame F3'. and the newly produced bottom field Mf2 and the bottom field G of a fourth frame 
F4 in the film signal are used in producing a motion componem compensated new frame F4-. 
And. the top field fl and the bottom field f2 of the fourth frame F4 in the film signal compose 
a video frame F5 intended to display. Upon repetition of the aforementioned process up to 24th 
frame F24 in the fihn signal, the video frame can have a frame mte of 30. By producing 
frames employing new fields Mfl and MfZ obtained through interpolation of motion 
components between fields in adjacent frames, the blurring can be prevented, allowing to obtain 
a smoother video signal. 

In the meantime. Fig. 8 is a diagrammatic illustration of another embodiment of a process 
for producing new frames or fields, xvherein the top fields fl of the second frame F2 and the third 
frame F3 the fihn signal are appUedofthe motion vector NEW_NfV reconciled in the motion 
vector reconciling part 52 to produce a motion compensated new top field Mfl . and the newly 
produced top field Mfl and the top field fl of the third frame F3 in the film signal axe used in 
producing a motion component compensated new frame F3'. And, alike the background ait. the 
new frame F4- is produced using the top field fl of the third frame F3 and the bottom field f2 of 
the fourth frame F4 adjacent to the third frame F3. 

And. Fig. 9 is a diagrammatic illustration of fiuther embodiment of a process for 
producing new frames or fields, wherein, alike the background a«, a new frame FS' is produced 
using the top field fl of the second frame F2 and the bottom field £2 of the third frame F3. And, 
a new frame F4- is produced by applying the motion vector NEW_MV reconciled in the motion 
vector reconciling part 52 to bottom fields f2 of the third frame F3 and the fourth frame F4 in the 
film signal to produce a new bottom field Mf2 and using the produced bottom field Mf2 and the 
top field fl of the third frame F3 in the film signal. That is, in Figs. 8 and 9 too. the newly 
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produced fields Mfl and Mf2 are fields of which motion components are compensated by the 
motion vector NEW_MV reconciled in the motion vector reconciling part 52. Thus, by 
producing new fields Mfl and Mf2, or Mfl. or Mf2 through interpolation of motion vector 
components between the present frame F3 and the adjacent frame F2 or F4 and producing new 
frames F3' and F4- using the newly produced fields, the blurring of motion vector components 
can be prevented, which is occurred when a film signal is displayed, with the film signal being 
applied to a general broadcasting signal, such as NTSC and PAL. 

In the meantime, a slow motion may also be implemented, not by mere repetition of fields 
or frames, but by producing motion component compensated fields or frames. That is, when a 
slow motion mode is selected, a motion vector received at that time are used in producing new 
motion vectors, and the new motion vectors are used in producing N additional frames which are 
motion component compensated. The new motion vector may be obtained by averaging two 
adjacent motion vectors, but the new motion vector may be obtained more effectively by 
weighting motion vectors differently from one another for application to newly added frames. 
For example, if 5 frames are to be added between the second frame F2 and the third frame F3. 
a motion vector to be applied to a first newly added frame is produced to be closer to a motion 
vector of the F2 frame, a motion vector to be applied to a third newly added frame is produced 
to be closer to an average of the motion vectors of the F2 and F3 frames, and a motion vector to 
be applied to a fifth newly added frame is produced to be closer to a motion vector of the F3 
&ame. When fiames additionally produced thus are inserted between frames and a new array of 
fiames are read at a regular speed, a slow motion can be displayed in real time. And, as each of 
the additional frames has a different motion vector, the slow motion appears smooth. The 
production of the motion compensated frames in real time allows to dispense with a separate 
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memory for the frames produced additionally. 

Because a frame rate is converted using additionally produced frames of which motion 
components are compensated together with encoded frames in converting a received source 
frame rate to a target frame rate. Ae device and method for converting a fi^e rate of the present 
invention can make motions of a video displayed in a converted rate smooth and can provide a 
clear picture quality. And. the display of a video signal to horizontal/vertical synchronizing 
signals two time faster than original frequencies after producing a separate frame of which 
motion component is compensated between frames in a digital TV of PAL or NTSC system can 
eliminate flicker. And, the frame rate conversion by producing separate frames of which mo^^^ 
components are compensated in conversion of a video of a fihn rate to a video of PAL or NTSC 
system frame rate can prevent blurring which is occurred at portions where there are motions, 
providing smoother and clearer video. The additional N frames inserted between adjacent 
frames, of which motion components are compensated different from one another, and the real 
time processing in displaying a slow motion can dispense with any separate memory and can 
display the slow motion smoother. 

I. will be „ aK>s. sldU«i in the « du« variom modiflcatioDS and vaA^ 

be mad. in d« device and n.eU.od for converting a fiame rate of 4e p,«en, invention «U>ou, 

departing fon,d,espid, or scope of ti» invention. Tlus.i,i»in«KWtiu>.ti„p^ invention 
cover fte modifications and variations of tins invention provided U«y come witiun tt>e scope of 
the appended claims and their equivalents. 
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What is Claimed is: 

1 . A device for converting a ftame rate in an MPEG decoding device which receives and 
restores a video bitstream through variable length decoding, inverse scanning, inverse quantizing 
and IDCT and adds to a motion compensated data using a stored prior picture and a motion 
vector provided from a transmitter side for providing a field or a frame before compression, the 
device comprising: 

motion vector producing means for producing a new motion vector using the motion 

vector; 

fi^e producing means for applying the motion vector newly produced in the motion 
vector producing means to the field or frame for producing a new field or frame; and, 

display means for adding the new frame having a motion component compensated in the 
fi^e producing means to the MPEG decoded frame, 

2. A device as claimed in claim 1 , wherein the display means adds the new frame having 
a motion component compensated in the frame producing means between every adjacent frames 
in a series of the MPEG decoded frames and displaying on a screen to horizontal/vertical 
synchronizing signals of two times. 

3. A device as claimed in claim 1 , v^erein the display means adds the new fi^me having 
a motion component compensated in the frame producing means between preset frames only in 
a series of the MPEG decoded frames and displaying on a screen at a regular clock frequency. 

4. A device as claimed in claim 1, wherein the display means adds N new frames 
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produced additionally in the frame producing means between frames in a series of the MPEG 
decoded frames and displaying on a screen at a regular clock frequency. 

5. A device as claimed in claim 1. wherein the motion vector producing means averages 
adjacent two motion vectors for obtaining a new motion vector. 

6. A device as claimed in claim I. wherein the motion vector producing means weights 
respective motion vectors in calculating a new motion vector. 

7. A device for converting a frame me in an MPEG decoding device, the MPEG 
decoding device comprising a data restoring part for receiving and restoring a video Wtstream 
through variable decoding, inverse scanning, inverse quantizing and IDCT, a memory for storage 
of prior pictures and a display controlling part for re-arranging a received data according to an 
order of display, the device comprising: 

motion vector reproducing means for using a motion vector MV transmitted from a 
transmitter side in producing a new motion vector MV, multiplexing MV+MV' the new motion 
vector with existing motion vectors in terms of time; 

a motion compensating and frame producing means for applying the motion vector 
MV^MV from the motion vector reproducing means to prior pictures stored in the frame 
memory respectively and adding to data from the data restoring part respectively; and. 

storage means for wriUng the data from the motion compensating and frame producing 

means ataregular clock frequency.readingataclock frequency two times faster and forw^^ 
to the display controlling part. 
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8. A device as claimed in claim 7, wherein the motion vector reproducing means obtains 
average of adjacent two motion vectors and multiplexes the averse with prior motion vectors 



an 

in terms of time 



9. A device as claimed in claim 7. wherein the motion vector reproducing means weights 
each of the motion vectors in obtaining a new motion vector and multiplexes the new motion 
vector with prior motion vectors in terms of time. 

10. A device as claimed in claim 7. wherein the storage means is an FIFO memory. 

11. A device for converting a frame rate in an MPEG decoding device which receives and 
restores a video bitstream through variable length decoding, invcn^e scanning, inverse quantizing 
and IDCT and adds to a motion compensated data using a stored prior picture and a moUon 
vector provided fiom a transmitter side for providing a field or a frame before compression, the 
device comprising; 

frame rate converting means for determining whether the MPEG decoded video signal 
is an existing broadcasting signal or a film mode signal according to a digital TV signal standard 
and converting a frame rate of the MPEG decoded video signal using a motion vector transmitted 

fromatran^tter side if the MPEG decoded video signal is the fihn mode signal for appl^^^^^ 
as a broadcasting signal; and, 

display controlling means for displaying the video signal fiom the frame rate converting 
means on a TV screen. 
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. 2. A dcvic as clataed in Cata „. wherein «,e fta»e rate eonvertng means includes, 
a video signal detannining par. forde,«mining whe*er a,e MPEG decoded signal is an 
origins b,oadcas,i„g signal or d. file, mod. signal ac„rding ,c a digital TV signal standard 
ftom information encoded in the MPEG decoded video signal. 

a motion infonnaUon reconciling p=„ for calculating a new motion vector using the 
motion vector ^ tfce MPEG decoding device if .he MPEG decoded signal is de«™i„ed » ^ 
the film mode signal in the video signal deteimining part. 

a ftame compensating par, fi,r applying ^ ^^on vecor reconciled in the motion 
formation reconciUng pan .o ti,e tone 6om ti,e video signal determining par, for producing 
a motion compensated new ftame in conversion of a ftame rate, and 

a buffer for tempora^, s«>,agc of *e video signal ft™ ^ compensating par, or 

the video signal determining part. 



B. A device as claimed in cWm „. wherein ti,e motion info^ation reconciling pan 
averages adjacen, motion ve«ors for use as a reconciled motion v.cti,r. 



.4. A device as claimed in claim „. wherein ti„ motion information reconcUing pan 
wcghts motion vectors respectively in producing reconciled motion vector,. 



.5. A method for convening a ftame rate in a. MPEG decoding m«hod. ti« MPEG 
decoding meti^d including tt,e steps of r«eiving and res»>Hng a video bitstieam «n.ugh 
vaHable lengti. decoding inverse scanning, inverse tpranti^ and mCT and adding . a motion 
compensa-ed da. using a pHor picti^ and a motion vector provided ftom a transmitter 
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side for providing a field or a frame before compression, the method comprising: 

(1) a motion information producing step for producing a new motion vector using the 
motion vector; 

(2) a frame producing step for applying the new motion vector produced in the (1) motion 
information producing step to the field or frame for producing a motion component compensated 
new field or fimne; and, 

(3) a display step for adding the motion component compensated new frame in the (2) 
frame producing step to the MPEG decoded frame for display on a screen in a converted frame 
rate. 



16. A method as claimed in claim 15, wherein the (3) display step includes the steps of, 
adding the new fi^e having motion components compensated in the (2) frame producing 

step between every adjacent frames in a series of the MPEG decoded frames, and 
displaying at two times of clock frequency. 

17. A method as claimed in claim 15, wherein the (3) display step includes the steps of, 
adding the new frame having motion components compensated in the (2) frame producing 

step between preset frames only in a series of the MPEG decoded frames, and 
displaying at a regular clock fieqiiency. 

18. A method as claimed in claim 17, wherein the (3) display step includes the steps of. 
producing a motion component compensated new field from fields of related adjacent 

frames, and 
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P~duci„g a motion coa.^ comp<^«d ^ 6o„ ^ „^ 
a remaining field of the present frame. 

19.A™u,odasclaim«l,ocl^,8,«hcrem,l«a=pofp™,„cingan,otfon.on,ponc„, 
compensated new field includes the steps of, 

applying .he produced n«,Modo„ vector toa^pfiddofaWofaprior picture and 
a .op field of a ^ of ,he p,e«n, picture. . „^ .^^ ^^^^^ 

component is compensated, and 

usiag,he,opiieldp,oduc«iina»al»ves,epandab«,„mSe,dof.hepreseo,ftamefor 
producing a motion component compensated new ftame. 

JOAmethodasolaimed in Claim ,8. wherein the^ep of p^mga,„,„„^„^^ 
compensated new field includes the steps of, 

appljdng the produced new motion infonnation to a bot«,m field of a fcune of the present 

Pictureandabottom field Of the ne«fi.meforpr«,ucingan«.hottom field of ,*ich motion 

component is compensated, and 

using the bonom field produced newly in the above step and the top field ofthe present 
fame in producing a new ftame of which motion component is compensated. 

21. Amethod as Claimed inclaim IS.-^ the step ofproducing a modon component 
compensated new field includes the steps of, 

applying the newly produced moUon information to the top field of a fiame of a prior 
Picture and a top field of a fiame ofthe present picture in producing a new top field of which 
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motion component is compensated, 

applying the newly produced motion information to a bottom field of a frame of the 
present picture and a bottom field of the next fi^c in producing a new bottom field of which 
motion component is compensated, 

using the top field newly produced in the above step and the bottom field of the present 
ftame in producing a new fi-ame of which motion component is compensated, and 

using the bottom field newly produced in the above step and the top field of the present 
frame in producing a new frame of which motion component is compensated. 

22. A method as claimed in claim 15. wherein the (3) display step includes the steps of. 
adding N(N is a natural number) new frames produced additionaUy in the (2) frame 
producing step between frames in a series of the MPEG decoded frames, and 
displaying at a regular clock frequency. 
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